Objectives: To investigate the clinical effects of transcervical interstitial microwave irradiation of adenomyotic tissues as an alternative to hysterectomy. Methods: Thirty-three patients who were candidates for hysterectomy for the treatment of adenomyosis associated with menorrhagia were treated by interstitial microwave irradiation using a specifically developed transabdominal ultrasound probe attachment for transcervical puncture along with microwave endometrial ablation, as an alternative to hysterectomy. Primary outcomes were changes in the venous hemoglobin level and the volume of the uterine body before and after treatment. Secondary outcomes were the visual-analogue scale (VAS) score for menorrhagia and dysmenorrhea after treatment. Results: At 3 months after surgery, the average hemoglobin level significantly increased by 4.6 g/dL. The volume of the uterine body significantly decreased to 53% and 52% of the volume before treatment at 3 and 12 months, respectively. VAS scores indicated an improvement in menorrhagia and dysmenorrhea. Conclusions: Transcervical interstitial microwave ablation therapy combined with microwave endometrial ablation reduced the uterine body volume and relieved menorrhagia and dysmenorrheal caused by adenomyosis. This strategy is a promising alternative to hysterectomy for the treatment of symptomatic adenomyosis.
Introduction
Adenomyosis, most common in women aged 40 -50 years, is a tumor-like condition defined as the presence of endometrial tissue within the myometrium. It results in an enlarged uterus with thick myometrium and is associated with excessively heavy or prolonged periods and dysmenorrhea. Hysterectomy is presently considered the standard surgical treatment for patients with adenomyosis that is refractory to conservative therapy [1] . However, owing to estrogen dependency, adenomyosis spontaneously degenerates after menopause, and therefore, hysterectomy can be overtreatment for women at perimenopausal ages. A novel, less invasive alternative could replace hysterectomy for such women with adenomyosis.
When the volume of adenomyotic tissue in the uterus is reduced by surgical resection [2] or ablation using some form of physical energy, it is expected that the symptoms caused by adenomyotic tissue would be relieved [3] . Transcervical microwave heating using a transvaginal puncture system has been successfully utilized in ablating symptomatic uterine fibroids [4] ; therefore, application of transcervical microwave myolysis to adenomyotic tissue is feasible. To perform transcervical interstitial microwave ablation of adenomyotic tissue under safe and acute ultrasound guidance, we developed a novel transabdominal ultrasound probe attachment specifically designed for transcervical puncture. Using the attachment, we performed transcervical interstitial microwave heating of adenomyotic tissue (transcervical microwave adenomyolysis [TCMAM] combined with microwave endometrial ablation [MEA] ) to examine the effects of transcervical microwave ablation therapy for the treatment of adenomyosis.
Patients and Methods
Between April 2011 and April 2013, 33 consecutive patients presenting with menorrhagia due to diffuse adenomyosis who did not wish to preserve child bearing potential but wanted to avoid hysterectomy were enrolled in this study. 7 patients did not present dysmenorrhea. The study was approved by the Ethics Committee of the Iseikai Hospital, and complete informed consent to the study was provided by every patient prior to participation. Each patient underwent magnetic resonance imaging (MRI) before surgery to confirm the size and location of the adenomyotic lesion in the uterine wall. Patients with intramural or submucosal myomas were excluded. When the distance between the serosa of the uterine fundus and the external orifice of the cervix was more than 15 cm, 1.88 mg leuprolerin was subcutaneously administered monthly from 3 months prior to operation, to induce shrinkage of the adenomyotic tissue. The possibility of endometrial malignancy was excluded based on findings of MRI, transvaginal ultrasonography, hysteroscopy, and endometrial biopsy performed before surgery.
Patients underwent TCMAM with MEA in the lithotomy position under general anesthesia using a laryngeal mask. For MEA, a microwave generator Microtaze AZM 550 capable of irradiating microwaves at a frequency of 2.45 GHz and a thin curved microwave applicator (Alfresa Pharma Co., Osaka, Japan) were utilized [5] . After performing MEA under transabdominal ultrasound guidance, a 4 mm straight microwave applicator with a conic end was transcervically introduced into the uterine cavity using a guiding tube and introduced into the adenomyotic lesion. To maintain the transcervical puncture line within the transabdominal ultrasound imaging plane, a rigid transabdominal ultrasound probe puncture attachment was specifically made of stainless steel, which served as a holder of the guiding tube, also made of stainless steel. A stainless steel needle, 4 mm in diameter, was specifically developed to pierce the adenomyotic tissue (Figure 1) . Before inserting the microwave applicator, the guiding tube, 4.2 mm in inner diameter, was introduced into the uterine cavity to fix the direction of the puncture line. The stainless steel needle was then inserted into the adenomyotic tissue to create a tunnel for the smooth introduction of the microwave applicator (Figure 2) . A straight microwave applicator, 4 mm in diameter, then replaced the needle. The adenomyotic lesion was continuously irradiated with microwaves at an output of 40 W in a few irradiation sites for 100 -650 s in total, based on its size [4] . Irradiation was continued until the echogenicity of the adenomyotic tissue at the irradiation site increased. During irradiation, the applicator, while its location was fixed, was rotated manually to avoid tissue adhesion on its surface.
The primary outcomes were changes in the blood hemoglobin level and the volume of the uterine body before and after treatment. Hemoglobin was measured before and 3 months after the operation. The size of the uterine body in three directions was measured by MRI or ultrasonography before and 3 and 12 months after the operation. The uterine body was considered to be ellipsoid and its volume was calculated accordingly using the following equation: volume = (4/3) π × (a/2) × (b/2) × (c/2), where a, b, and c represent the length of the uterine body measured in three dimensions. The secondary outcomes were changes in the visual-analogue scale (VAS) score for menorrhagia and dysmenorrhea after treatment. Menorrhagia or dysmenorrhea before the operation was assigned a score of 100, whereas the absence of symptoms was assigned a score of 0. Each patient was interviewed to evaluate VAS scores at 3 and 12 months after the operation.
Statistical analysis was performed using Excel Data Analysis Pack.
Results
Thirty-three patients underwent TCMAM and MEA. Patient characteristics are summarized in Table 1 . The mean ± standard deviation of patient age was 45.4 ± 3.2 years. The operation time was 48.0 ± 13.9 min. Four weeks after TCMAM and MEA, contrast-enhanced MRI revealed a de novo avascular area of 18 -27 mm thickness from the uterine lining in the uterine wall where the adenomyotic tissue was previously located (Figure 3) . As shown in Figure 3 , the avascular area shrank at 3 months after the operation, with subsequent complete disappearance at 12 months. The mean ± standard deviation of the volume of the uterine body was 309 ± 205 cm 3 before the operation, 164 ± 111 cm 3 at 3 months after the operation, and 161 ± 117 cm 3 at 12 months after the operation. A paired t-test indicated that the volume of the uterine body decreased significantly to 53% and 52% of the volume before the operation at 3 and 12 months, respectively (P = 1.6E−6 and P = 3.3E−5, respectively). The hemoglobin level significantly increased from a mean ± standard deviation of 7.9 ± 2.1 g/dL to 12.5 ± 1.7 g/dL at 3 months after the operation (P = 2.8E−12). Subjective improvement in menorrhagia and dysmenorrhea was also observed, as measured by the VAS score, at 3 and 12 months after treatment ( Table 1) .
Pain after the operation was not severe and could be controlled with non-steroidal anti-inflammatory drugs. No major complications were encountered during and after the operation, although watery discharge continued for 2 weeks after the operation. One patient experienced a gradual increase in menstrual bleeding without pain and needed tranexamic acid at 16 months, which decreased bleeding until menopause; MRI at 1 month after treatment revealed that the remaining volume of adenomyotic tissue was more than 70% of that before the operation, and the volume of the uterine body was 80% of that before the operation. Another patient complained of prolonged serous discharge after the operation. The volume of the patient's uterine body before the operation was 678 cm 3 , which increased to 700 cm 3 at 3 months. Contrast-enhanced MRI at 1 month after treatment revealed that the endometrium and adenomyotic tissue around the uterine cavity was completely necrotized; however, the persistent deep adenomyotic tissue in the posterior wall was more than expected. The serous discharge continued, gradually decreasingly over 24 months, and finally stopped after menopause.
Discussion
Numerical simulation of the distribution of the electromagnetic field around the microwave applicator in the uterine tissue indicated that microwaves at a frequency of 2.45 GHz cannot efficiently generate heat at more than 5 mm from the surface of the applicator [5] . In addition, conducting heat through the uterine tissue is swept away by blood perfusion in the neighboring myometrium. Therefore, microwave irradiation of the uterine cavity cannot directly heat deeply situated adenomyotic lesions located apart from the uterine lining. MEA for the treatment of menorrhagia due to adenomyosis is less potent in patients with adenomyotic lesions located deep in the myometrium; deep lesions are not completely necrotized even if the duration or power of microwave irradiation from an applicator tip in the uterine cavity is increased [5] . To overcome the poor penetration of microwaves and cooling due to blood perfusion, TCMAM under transabdominal ultrasound guidance using a specifically developed attachment for transcervical puncture was introduced. The attachment made transabdominal ultrasound-guided puncture and insertion of a microwave applicator very easy. In addition, the tip of the microwave applicator was never lost in the ultrasound imaging plane during microwave irradiation, which made it easy to monitor changes in echogenicity in the irradiated tissue. Owing to the use of the specified puncture system, a transcervical approach was performed smoothly and accurately, and therefore, the main parts of adenomyotic lesions in cases of diffuse adenomyosis were ablated safely. We believe that a transcervical approach to adenomyotic tissue is less invasive than a transvaginal or transabdominal approach [3] , because it does not damage any normal tissue other than adenomyotic tissue, endometrium, and neighboring thin myometrium.
TCMAM with MEA significantly decreased the volume of the uterine body enlarged by adenomyosis, and hemoglobin levels increased to the normal range at 3 months, thus, objectively demonstrating the effectiveness of TCMAM with MEA. In addition, the VAS scores indicated menorrhagia and dysmenorrhea improvement.
We believe that TCMAM with MEA has the advantages of short hospital stay and short suspension of social activity. The hospital stay for each patient was within 24 hours, with all patients treated in the afternoon leaving the hospital the next morning. Patients could resume normal social activity within 24 hours, compared with 3 or 4 weeks required for hysterectomy. Furthermore, TCMAM with MEA has the advantages of low surgical cost and short surgical time. The mean total operation time including hysteroscopy before and after microwave ablation was 48 min. The cost of TCMAM with MEA is practically equal to that of MEA alone. Laparoscopic total hysterectomy involves more medical resources and time.
The two patients who avoided hysterectomy with continuing symptoms did not show postoperative shrinkage of the uterine body. These were early cases in this study. The duration of microwave irradiation was likely not sufficient for the volume of adenomyotic tissue. On reviewing all case records, we found that less remaining adenomyotic tissue tended to be associated with fewer symptoms after the operation. We believe that the results improved gradually with experience. The routine use of leuprolerin before the operation is expected to decrease the volume of remaining adenomyotic tissue post-surgery, in addition to shortening the operation time, which will make the replacement of general anesthesia with less expensive anesthesia.
Although a longer observation period is needed to ensure the usefulness of TCMAM with MEA for the treatment of adenomyosis in women in their forties, microwave irradiation may be able to replace hysterectomy at least in perimenopausal women.
Conclusion
TCMAM with MEA effectively relieved menorrhagia and dysmenorrhea caused by deep adenomyosis. Micro-wave ablation induced shrinkage of the uterine body. Low cost, short hospital stay, and ease of surgery are acceptable for both patients and gynecologists. TCMAM with MEA is a promising alternative to hysterectomy for the treatment of adenomyosis.
